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(54) A single fold optical magnifier for use In image manifestation apparatus 

(57) A single fold optical magnffier (12) including a 
plurality of optical elements (22, 20, 30, 40) having an 
aspherlc field flattening light inlet (22) with a light outlet 
(42) directed at an angle to the inlet (22) and a reflecting 
surface (25) positioned to direct light from the inlet (22) 
to the outlet (42). The optical elements (22, 20, 30, 40) 
define a fight path from the inlet (22) to the outlet (42) 
with a total average optical length of approximately 15 to 
35 millimeters. At least one aspheric surface (23, 34, 
42) and one diffractive optical element (35) are posi- 
tioned in the light path to provide aberration correction, 
and the optical elements (22, 20, 30, 40) are con- 
structed to angularly magnify images by at least a 
power of ten. 
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Description 

FieWoffre Invention 

6 The present invention pertains to optica] magnifiers and more specifically to optical magnifiers incorporating a sin- 
gle fold in the optical path. 

Backgroyntf of the Invention 

10 With the advent of the communications era. one of the major markets for optical devices is portable electronics 
equipment such as cellular telephones, pagers, two-way ratios, data banks, computers and the like. Generally, it is 
desirable that the optical source devices in this type of equipment are compact with low power, Inexpensive and include 
high quality optics with large angular magnification. However, large angular magnification requires a small focal length, 
as can be seen from the relationship for angular magnifying power (MP) set forth below. Generally, In the discussion 

is below the optical system is treated as a single lens for convenience in describing the relationships. 

MP = V(tH-f)/p(b*e)] 

where: 

20 

V tea constant, the distance of distinct vision (approximately 10" or 254mm); 
b is the distance from the lens to the virtual image; 
e is the distance from the lens to the eye; and 
f is the effective focal length. 

25 

A snail effective focal length in turn requires that the optical system have a small F/Na. which translates into a fast 
system in the applications being descrbed. Generally, a fast system is defined as a system with an F/No. less than or 
equal to approximately 2. As is known in the art, the F/Na is determined by the ratio of the local length to the diameter 
of the lens. 

so Thus, as the focal length is reduced and the system is made smaller, it is inherent that a larger area of the lens, or 
lens system, is used. This use of a larger area of the lens system results in greater aberration in images transmitted 
through the system and a need for greater aberration correction. As is well understood by those skilled in the art, 
greater aberration correction means more elements in the system, which in turn means larger size and greater cost. 
Therefore, a major problem that Is Inherent in any attempts to produce compact, inexpensive, high quality optics with 

35 large anguiar magnification is aberration correction. 

Prior Art 

Several different attempts have been made to provide optical systems for portable electronic devices, one of which 
40 includes all refractive or reflective optics with a single line of pixels and a vibrating mirror. The single line of pixels is 
sequenced through the rows of a raster and, simultaneously, the vibrating mirror scans the line of pixels to properly 
position each subsequent row in its proper orientation. The problem with this system is the high accuracy of timing 
required, the amount of power used and the blurring of the ultimate image by the vibrations of the mirror. Also, this sys- 
tem is extremely fragfle and not conveniently adaptable to the rough use normally occurring in portable equipment. 
46 The system that is normally used at the present time is one using a large image source and either a direct view 
image or low magnification optics. The major problem with this system Is that it greatly limits the size of the portable 
electronics on which it is used. Basically, the image must be large enough for an operator to read and/or understand the 
information being displayed. Thus, for example, if one wanted to display an 8.5" by 11° sheet of paper (a standard let- 
ter), the direct view display must be 8.5" by 1 1 " to be easily read. Such a display is clearly too large to be incorporated 
so into most portable communications devices, such as pagers, two-way radios, cellular phones and the like. 

It would be highly desirable to devise an optical system with the attributes of being compact and inexpensive, and 
including high quality optics with large angular magnification, while correcting for aberrations. 

It is a purpose of the present invention to provide a very small, compact and relatively inexpensive optical magnifier. 
It is another purpose of the present invention to provide a very small, compact and relatively inexpensive optical 
55 magnifier which includes high quaGty optics with relatively large angular magrtfication. 

It is still another purpose of the present invention to provide a very small, compact and relatively inexpensive optical 
magnifier which includes high quaGty optics with relatively large angular magnffication with aberration correction. 
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It is a further purpose of the present invention to provide a, compact and relatively inexpensive optical magnifier 
which includes high quality optics with relatively large angular magnification with aberration correction, which is small 
enough to conveniently fit in portable electronic equipment. 

6 Summary of the Invention 

The above problems and others are substantially solved and the above purposes and others are realized in a single 
fold optical magnifier including a plurality of optical elements having an inlet with a light outlet directed at an angle to the 
inlet and a reflecting surface positioned to direct light from the Inlet to the outlet. The optical elements define a Gght path 

w from the Inlet to the outlet with a total average optica) length of approximately 15 to 35 mllGmeters. The plurality of optical 
elements includes at least one aspheric surface to correct for aberration and at least one drrfractive optical element 
positioned In the light path to provide additional aberration correction. The optical elements are constructed to angularly 
magnify images by at least a power of ten. 

The above problems and others are substantially solved and the above purposes and others are further realized in 

w image manifestation apparatus for use in small portable electronics equipment The image manifestation apparatus 
includes an image generator with a two cfimensional array of light emitting devices formed on a single substrate and 
driver circuits coupled to the light emitting devices and including a data Input terminal. The light emitting devices are 
intf vidually addressable by the driver circuits so as to generate a real image inclucfing one of a plurality of lines of alpha- 
numerics and graphics from data received at the data input 

20 A single fold optical magnifier is positioned with an image inlet adjacent the image generator so as to receive the 
real image generated by the Image generator. The magnifier includes a plurality of optica) elements having an Inlet 
defining the image Inlet of the single fold optical magnifier and a light outlet directed at an angle to the Inlet, with a 
reflecting surface optically positioned between the inlet and the outlet so as to direct light from the inlet to the outlet. TTie 
light outlet defines a viewing aperture and the plurality of optical elements produce a virtual image from the real image, 

25 which virtual image is viewable at the viewing aperture. 

The plurality of optical elements define a light path from the light inlet to the light outlet with a total average optical 
length in the range of approximately 15 to 35 millimeters. The plurality of optical elements include at least one aspheric 
surface to correct aberrations and at least one diffractive optical element positioned in the light path so as to provide 
further aberration correction. The optical elements are constructed to angularly magnify the real image generated by 

30 the image generator into a virtual image greater than ten times larger than the real image. 

Brief Description of th e Drawings 
Referring to the drawings: 

ss 

FIG. 1 is a view in top plan of image manifestation apparatus employing a single fold optical magnifier in accord- 
ance with the present invention; 
FIG. 2 is a front view of the apparatus illustrated in FIG. 1 ; 

FIG. 3 is a view in side elevation, portions thereof broken away and shown in section, of the apparatus illustrated 
40 in FIG. 1; 

FIG. 4 is a 4x magnified view in side elevation of the apparatus Illustrated in FIG. 1 ; 
FIG. 5 is a simplified block diagram of an image generator associated with the apparatus of FIG. 1 ; 
FIG. 6 is an enlarged view in top plan of an array of Gght emitting devices, portions thereof broken away, forming a 
portion of the image generator of FIG. 5; and 
45 FIG. 7 is a view in perspective illustrating a typical view as seen by the operator of portable communications equip- 
ment enploying the image manifestation apparatus of FIG. 1. 

Description of the Preferred Embodiments 

so FIGS. 1 , 2 and 3 illustrate a top plan view, front view, and side elevation of miniature image manifestation apparatus 
10 incorporating a single fold optical magnifier 12 in accordance with the present invention. FIGS. 1, 2 and 3 illustrate 
miniature image manifestation apparatus 10 approximately the actual size to provide some indication as to the extent 
of the reduction in size achieved by the present invention. Apparatus 1 0 includes an array 15 of light emitting devices, 
such as organic or inorganic LEDs, field emission devices, vertical cavity surface emitting lasers, LCDs, etc. In this spe- 

ss crfic embodiment array 15 includes 1 44 light emitting devices by 240 light emitting devices. Each Gght emitting device 
is fabricated approximately 20 microns on a side with a center-to-center spacing between adjacent devices of no more 
than 20 microns. Each light emitting device is turned ON with approximately 1 .8 volts and utilizes approximately 50pA 
of current when it is turned ON. Array 1 5 produces a luminance less than approximately 15 fL 
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Array 15 is mounted on the u rider-surface of a glass substrate 16 and a driver board 18 is bump-bonded to sub- 
strate 16. Additional information on driver boards and bonding of substrates to the driver boards is disclosed in a 
copending United States patent application entitled "Integrated Electro-optical Package" , serial number 08/216,995, 
filed on March 24, 1994 and assigned to the same assignee, which information is included herein by reference. 

6 Single fold optical magnifier 1 2 Is also mounted on substrate 1 6 and includes a plurality of optical elements defining 
a light path from array 1 5 to a viewing aperture 1 9, best seen in FIG. 2. The plurality of optical elements are constructed 
to angularly magnify images, generated by array 1 5, at a light Inlet of a first optical element by greater than ten. Because 
of the length of the optical path and the size of array 15 (the real image), the horizontal field of view of the optics ranges 
from approximately 1 1 degrees at a magnification of 1 0x to 22 degrees at a magnification of 20x, with the present 

jo enrfcodiment having a horizontal field of view of approximately 16 degrees and a magnHication of 1 5x 

Referring specifically to FIG. 4, a 4x magnified view in side elevation of portions of apparatus 10 of FIG. 1 is illus- 
trated for clarity. From this view it can be seen that the plurality of optical elements includes a first optical element 20 
having a light inlet 22, a spheric surface serving as a light outlet 23 and directed at an angle to light inlet 22 and a reflect- 
ing surface 25 optically positioned between light inlet 22 and fight outlet 23 so as to direct light from light inlet 22 to light 

is outlet 23. In this specific embodiment, element 20 is formed as a prism and is molded from an optical quality plastic. 
Generally, it is understood that optical quality plastic is material having a high index of refraction, between approxi- 
mately 1 ,5 and 1.6. Reflecting surface 25 may be a separate silvered mirror that Is simply molded into element 20, or 
surface 25 can be silvered after formation of element 20, or surface 25 can be uncoated and used in a total internal 
reflection moda 

20 In this embodiment, light inlet 22 takes the form of an aspheric field flattening concave surface molded directly into 
element 20 and formed as an integral part thereof, it will be understood, however, that light inlet 22 could be formed as 
a separate lens and subsequently positioned En optical alignment with the lower surface of element 20. Separate com- 
ponents of course result in additional components and assembly steps which can increase the cost and size of the final 
structura 

25 Reflecting surface 25 is disposed, with respect to light inlet 22 and light outlet 23, to fold or bend light passing 
through first element 20 at an angle between approximately 80° to 100°. More specifically, in the embodiment illus- 
trated, light is reflected at an angle of approximately 95°. It has been found, for example, that an angle of 95° avoids 
vignetting on the lower part of the image at the outlet of optical magnifier 1 2. 

A signff icant part of the design of first element 20 is the use of a solid, single fold prism with a convex outlet face to 

30 enable increased angular magnification (reduced effective focal length) in the same volume of space compared to the 
use of a simple turning mirror in the air. 

In many applications it may be desirable to include apparatus for focusing the final image. To this end, element 20 
(and the other elements to be described, if desired) is mounted on substrate 1 6 by means of a threaded adjustment 27 
which can be rotated by a thumb screw, screwdriver, etc., to move the fixed assembly of elements 20, 30 and 40 vertl- 

ss cally toward and away from substrate 16 and array 15. Focusing is accomplished by simply changing the distance 
between light inlet 22 and the image generated on array 1 5. 

The plurality of optical elements further includes an optical lens 30 having a Tight inlet 32, positioned adjacent light 
outlet 23 of first optical element 20, and a light outlet 34. In the specific embodiment illustrated, optical lens 30 is a bias- 
pheric optical lens having an aspheric surface defining light inlet 32 and an aspheric surface defining Tight outlet 34. 

40 Optical lens 30 is fixedly mounted relative to first element 20 by any convenient means including an outer housing (illus- 
trated schematically In FIGS. 1 - 3), a mounting frame, or any other convenient structure. The aspheric surfaces, includ- 
ing fight outlet 34, light inlet 32, light outlet 23 and field flattening light inlet 22 are designed to reduce and/or eliminate 
any aberration in wavefront as it passes from light inlet 22 to light outlet 34, 

The plurality of optical elements, including first element 20 and optical lens 30, define a light path from light inlet 22 

45 of first element 20 to light outlet 34 of optical lens 30. To fabricate a single fold optical magnifier that is useful In portable 
electronic devices, the total average optical length of the optical path should be in the range of approximately 15 to 35 
millimeters. In this embodiment the optical path from light inlet 22 to the aspheric surface defining light outlet 34 is 
approximately 20 millimeters. 

Also, the plurality of optical elements, including first element 20 and optical lens 30, are constructed to include at 

so least one diffractive optical element positioned in the light path so as to provide additional, primarily chromatic (in this 
embodiment), aberration correction. In the embodiment illustrated, a diffractive optical element 35 is incorporated into 
the aspheric surface defining light inlet 32. It will of course be understood that diffractive optical elements can, instead 
or in addition to, be included in any other surface of the plurality of elements in optical magnifier 12. If a diffractive optical 
element is included in a surface that is substantially normal to the light path, as opposed to those in which the light 

55 strikes the surface at an angle, the diffractive optical element is somewhat easier to construct because of rotational 
symmetry, whereas surfaces on which light strikes at an angle have nonrelational symmetry. Because the aspheric sur- 
faces and diffractive optical element 35 make lens 30 relatively complex, it has been found that fabrication of optical lens 
30 Is best done by injection molding. 
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While first element 20 and lens 30 can be constructed to form a complete magnifier, in this specific embocflment, a 
low power optical lens 40 is included as an example of possible extensions of the magnifier. Optical lens 40 includes a 
spheric surface 41 which defines a light input and a spheric surface 42 which defines a light output Alsa surface 41 
has a ditfracttve optical element 45 formed in the surface 41 to provide additional aberration correction. Optical lens 40 

s is mounted adjacent optical lens 30 and forms an outlet optical element that defines an aperture through which the 
angularly magnified image can be viewed. The addition of optical lens 40 may add somewhat to the size and complexity 
of magnifier 12, but provides some angular magnification and aberration correction that reduces the complexity of the 
various other elements, which can in many applications reduce the overall cost of magnifier 12. Because of its taw 
power, lens 40 may also be used as the package window, or viewing aperture. In applications in which only first element 

io 20 and optical lens 30 are utilized, it may be convenient to define the viewing aperture with a glass or plastic window, 
which may be clear, a light filter, etc. 

A typical design specification, or prescription, for the three element magnifier of FIG. 1 Is listed below for example 
only. 
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55 



RDY 

OBJ: INFINITY 
STO: INFINITY 
2: 15.72695 
3; 27.15005 



THI RMD GLA 

-2000.000000 

35.000000 

2.500000 586000.340000 
1.000000 



CCY THC GLC 
100 100 
100 100 
100 100 100 
100 100 
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16 



HOE: 
HV1: 
HXl: 
CXI: 
HX2 : 
CX2: 
HWL: 
HCO/HCC 
CI 
CI 
C4 
C4 



REA 

0O00OOE+O0 
100 

OOOOOOE+OO 
100 

605.00 



HV2 : 
HY1: 



HY2: 



3.4259E-03 C2; 

100 
6.5888E-10 

100 



REA 

0. OOOOOOE+00 
CY1 100 

0. OOOOOOE+00 
CY2: 100 
HTO: SPH 



HOR: 1 

HZ1: -.18000E+04 

CZ1 100 

HZ2: -.180000E+04 

CZ2 : 100 
HCT: R 



-7.9305E-07 



C3: 



C2: 



100 



-1.2095E-07 
C3: 



100 



20 



25 



30 



35 



40 



45 



4: 15-54395 
ASP: 

K: 0.000000 
IC: YES 
A:-.518075E-04 
D;0, OOOOO0E+00 
AC: 100 



7.000000 492000.572000 

KC; 100 
CUF: 0.000000 
B:-.442014E-07 



100 100 



100 



CCF: 100 
:-.379871E-09 



5: -180.87992 
HOE: 

HV1: REA 
HXl: 0, 0O0000E+O0 
CXI : 100 
HX2: 0. 000OOOE+O0 
100 
605.00 



BC: 100 CC: 100 DC: 

0.439871 100 100 



100 



HV2 : REA 
HY1: 0. 000O0OE+00 HZ1: 

CY1 100 
HY2: 0 . OOOOOOE+00 HZ2: 
CX2: 100 CY2: 10 0 

HWL: 605.00 HTO: ASP 

HCO/HCC 

CI: -7.6033E-03 C2: 4.1511B-05 C3: -4.7167E-07 

CI: 100 C2: 100 C3: 

C4: 2.5018E-09 C67: -4.9807E-05 C68: 1.3538E-06 

C67: 100 C68: 



HOR: 1 
■.18000E+04 

CZ1 100 
-.180000E+04 

CZ2: 100 
HCT: R 



C4: 
C69: 
C69: 



100 
-7.3037E-09 
100 



100 
100 



6: 20.00000 

7: l.OOOOE+ll 
XDE: 0.000000 
XDC: 100 YDC: 
ADE: 47.500000 
ADC: 100 BDC: 



7.511300 492000.572000 100 

5.540301 REFL 492000.572000 100 
YDE: 0. 000000 ZDE: 0.000000 

100 ZDC 100 

BDE: 0.000000 CDE: 0.000000 

100 CDC: 100 



100 
100 
BEN 



100 
100 



50 



8: 


-67.54867 


-0.839287 






100 


100 




9: 


INFINITY 


0.000000 






100 


100 




10: 


INFINITY 


-0.900000 


523000. 


550000 


100 


100 


100 


11: 


INFINITY 


-0. 030000 


520000. 


550000 


100 


100 


100 


12: 


INFINITY 


0.000591 






100 


PIM 




IMG: 


INFINITY 


0.000000 






100 


100 





Here ft should be noted that because of the very small magnifier 12 and array 15 and the fact that a virtual image 
Is utilized, rather than a direct view display, the overall physical dimensions of miniature image manifestation apparatus 
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10 are approximately 1.5 inches (3.8 cm) wide by 0.75 inches (1.8 cm) high by 1.75 inches (4.6 cm) deep, or a total 
volume of approximately 2 cubic inches (32 cm 3 ), of which less than 0.7 cubic inches is the optic volume. 

Array 15 is illustrated in more detail in FIG. 5 and includes, for example, semiconductor electronics such as a light 
emitting device (LED) array 55 driven by data processing circuits 57. The LEDs may be, for example, organic or inor- 
5 ganic light emitting diodes, vertical cavity surface emitting lasers, field emission devices, etc. Data processing circuits 
57 include, for example, logic and switching circuit arrays for controlling each LED in LED array 35, drivers and the Eke. 
Data processing circuits 57 Include, in addition to or Instead of the logic and switching arrays, a microprocessor or sim- 
ilar circuitry for receiving data at an input terminal 58 and processing the data to produce a desired real image on a 
device such as LED array 55. 

io In this specific embodiment LED array 55 is utilized because of the extremely small size that can be achieved and 
because of the simplicity of construction and operation. Referring specifically to FIG. 6, a plan view of LED anray 55 is 
Illustrated in which pixels are formed in a regular pattern of rows and columns on a single substrate (e.g. a semiconduc- 
tor chip) 60. Each pixel includes at least one LED, with additional paraDel LEDs being included, if desired, for color, addi- 
tional brightness and/or redundancy. By addressing specific pixels by row and column in a well known manner, the 

75 specific pixels are energized to produce a real image. Digital or analog data is received at input terminal 58 and con- 
verted by data processing circuits 57 into signals capable of energizing selected pixels to generate the predetermined 
real Image. The digital or analog data Is received from any data source, such as a communication receiver, a memory 
or data bank, or other portable electronic device, etc. 

It will be understood by those skiDed In the art that LED array 55 and substrate 60 are greatly enlarged In FIG. 6. 

20 Also, while data processing circuits 57 are represented by a separate block it win be understood that in some applica- 
tions they may be formed around the edge of array 55 on substrate 60. The actual size of substrate 60 is on the order 
of a few mflil-meters (e.g. 3 to 1 0) along each side with each LED being on the order of 5 to 50 microns on a side (or In 
diameter if the LED is round). Because of the extremely small size of substrate 60, drive lines or metal connecting 
traces between LEDs, have a very smaD cross-section, which severely limits their current carrying capacity, or current 

26 density. Referring to FIG. 6 for example, in one typical operation only a row at a time is addressed or "turned ON". Thus, 
the metal trace for each column needs to carry only sufficient current for one LED (the one LED in the row which Is ON). 
However, aO of the LEDs in the ON row could potentially be turned ON simultaneously. Thus, the metal trace for the ON 
row, which can potentially be required to carry current for however many LEDs are in the row (e.g. 100 to 1500 LEDs), 
must carry many times as much current as the column metal traces. 

30 Referring again to FIG. 4, the operation of miniature image manifestation apparatus 1 0 win be described generally. 
Array 1 5 of apparatus 10 provides a real image source at the lower surface of substrate 1 6. The aqpheric field flattening 
concave surface defining fight inlet 22 is positioned in spaced relation to substrate 16 and generally flattens the image, 
to correct some aberration problems, and spreads the light across the surface of reflecting surface 25. Surface 25 
reflects the light through light outlet 23 and onto light Inlet 32 of optical lens 30. As the light passes through the spheric 

ss surface defining light outlet 23, less aberration is introduced than in a piano surface. Diffractive optical element 35 is 
specifically designed to correct additional, primarily chromatic, aberration and the aspherical surface defining fight inlet 
32 corrects and/or balances more aberration. Optical lens 30 provides the primary angular magnification and the 
aspherical surface defining light outlet 34 corrects and/or balances more aberration. 

If optical lens 40 is included in the apparatus, diffractive optical element 45 and/or an aspherical surface 41 can be 

40 included to correct for additional aberration. Optical lens 40 also provides a small amount of additional angular magni- 
fication. Surface 42, defining the viewing aperture of the apparatus, can be an aspherical surface to further correct aber- 
ration if desired. Depending upon the application, magnification and optical path length, the optical elements for the 
magnifier generally include at least one aspherical surface and at least one diffractive optical element in the light path. 
In some special appfications it may be possible to use an aspherical surfaces and no diffractive optical elements and in 

45 some very special applications it may be possible to use only diffractive optical elements to correct aberration. It should 
be noted, in any case, that the present invention allows aberration correction to be enhanced through the use of 
aspheric and diffractive structures, sometimes on the same surface, thus avoiding additional conventional elements. It 
should also be noted that in order to economically form the aspheric and/or diffractive optical elements on the small sur- 
faces of the optical elements that it is generally necessary to mold the optical elements. 

so Referring to FIG. 7, a perspective view of portable, or hand-held, electronics equipment 65 is illustrated with mini- 
ature image manifestation apparatus mounted therein so that only a viewing aperture 66 is viable. FIG. 7 further Qlus- 
trates a typical view 70 seen by an operator looking into viewing aperture 66 of electronics equipment 65, which view 
70 appears to be behind electronics equipment 65. View 70 could be, for example, a floor plan of a building about to be 
entered by the operator (a policeman). The floor plan is on ffle at the police station and, when assistance is requested 

ss by the policeman, the station simply transmits the previously recorded plan. Similarly, electronics equipment 65 might 
be utilized to transmit pictures of missing persons or wanted criminals, maps, extremely long messages, eta Many 
other variations, such as silent receiver operation wherein the message appears in viewing aperture 66 instead of audi- 
bly, are possible. 
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Thus, an optical system with the attrfoutes of being compact and inexpensive, and including high quality optics with 
large angular magnification, whfle correcting for aberrations, has been disclosed. Because of Hs novel construction, 
magnifier 1 2 can be manufactured very small, with high angular magnification and very inexpensively. Also, while injec- 
tion motcOng the various optical elements to incoiporate the diffractive optica) elements and/or the aspherical surfaces 

c is considered the optimum manufacturing method, it is also the least expensive. Further, because of the small size, high 
angular magnification and rugged construction of magnifier 12 , magnifier 12 can be used in conjunction with miniature 
image manifestation apparatus 1 0 and/or in virtually any portable electronics equipment 

While we have shown and described specific embocOments of the present invention, further modifications and 
Improvements win occur to those skilled In the art We desire It to be understood, therefore, that this invention Is not Dm- 

io ited to the particular forms shown and we intend in the appended claims to cover all modBicalions that do not depart 
from the spirit and scope of this invention. 

Claims 

15 1. A single fold optical magnifier characterized by: 

a plurality of optical elements (22, 20, 30, 40) having a light inlet (22) and a light outlet (42) directed at an 
angle to the inlet (22), with a reflecting surface (25) optically positioned between the inlet (22) and the outlet (42) 
60 as to direct light from the inlet (22) to the outlet (42), the optical elements (22, 20, 30, 40) include at least one 
aspheric surface (23, 34, 42) for aberration correction; 
20 the plurality of optical elements (22, 20, 30, 40) defining a fight path from the light inlet (22) to the fight outlet 

(42) with a total average optical length in the range of approximately 20 to 35 millimeters; and 

at least one diffractive optical element (35) positioned in the light path so as to provide further aberration cor- 
rection; and 

the plurality of optical elements (22, 20, 30, 40) being constructed to angularly magnify an Image source (15) 
26 at the light inlet (22) of the first optical element by greater than ten. 

2. A single fold optical magnifier as claimed in claim 1 further characterized in that the Gght outlet (42) is directed at 
an angle to the inlet (22) in a range of approximately 80° to 1 00°. 

so 3- A single told optical magnifier as claimed in claim 2 further characterized in that the Gght outlet (42) is directed at 
an angle of approximately 95° to the inlet (22). 

4. A single fold optical magnifier as claimed in claim 1 further characterized in that the total average optical length of 
the light path Is approximately 20 millimeters, 

3B 

5. A single fold optical magnifier as claimed in claim 1 further characterized in that the plurality of optical elements (22, 
20, 30, 40) define a horizontal field of view greater tan approximately 1 1 degrees. 

6. A single told optical magnifier as claimed in daim 1 further characterized in that the plurality of optical elements (22, 
40 20, 30, 40) is constructed to angularly magnify an image source (1 5) at the light inlet (22) of the plurality of optical 

elements (22, 20, 30, 40) by approximately fifteen. 

7. A single fold optical magnifier as claimed in claim 6 further characterized in that the plurality of optical elements (22, 
20, 30, 40) define a horizontal field of view approximately 16 degrees. 

46 

8. A single told optical magnifier as claimed in daim 1 further characterized in that the plurality of optical elements (22, 
20, 30, 40) includes a first optical element (20) having an aspheric field flattening light inlet (22). 

9. A single fold optical magnifier as claimed in daim 8 further characterized in that the plurality of optical elements (22 p 
ao 20, 30, 40) includes a first optical element (20) having an aspheric light outlet (23) directed at an angle to the inlet 

(22) and a reflecting surface (25) optically positioned between the inlet (22) and the outlet (23) so as to direct light 
from the inlet (22) to the outlet (23). 

1 0. A single fold optical magnifier as claimed in daim 9 further characterized in that the first optical element (20) is a 
bb prism with the aspheric field flattening light inlet (22) formed in one side thereof and a reflecting surface (25) formed 

on a second side thereof. 
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